The meeting began by announcing the recipients of the Marcel Grossmann Awards: Yuval Ne'eman, for his wide contributions to mathematics and physics; and James York and Yvonne Choquet-Bruhat, who established the mathematical framework for proving the existence and uniqueness of solutions to Einstein's gravitational field equations. The institutional prize went to the host institution CBPF (Brazilian Centre for Research in Physics).
Gravity and quantum gravity
During the plenary sessions new ideas about long-standing efforts to find a reliable quantum theory of gravity were discussed. An introduction to superstring theory and a new method of quantizing d = 10 models with manifest super-Poincarée invariance was discussed by Nathan Berkovits (IFT/UNESP, Sao Paulo). Chris Hull (Queen Mary University of London) presented new supersymmetric solutions invariant under super-isometry group. They are especially important for understanding the holographic duality between quantum gravity and M-theory. In the same line of work Atish Dabholkar (TIFR, India) talked about compactification of string theories and duality twist solutions which stabilize some of the moduli. Ruth Durrer (Univ. Geneva, Switzerland) had a critical review of some cosmological effects of brane models and showed that standard models fit pulsar data better than this new candidate model for solving the hierarchy problem. Theoretical and experimental aspects of the Einstein gravity test and evidence of new physics was highlighted in talks given by Ignazio Ciufolini (Univ. di Lecce, Italy) and David Blair (Univ. Western Australia) who talked respectively about the measurement of frame dragging in the propagation of photons from a massive spinning object and efforts for direct and indirect (time delay of pulses from pulsars) observation of gravitational waves. In recent years the sensitivity of detectors has increased by orders of magnitude. Terrestrial detectors are becoming sensitive enough to detect audio frequency gravitational waves from the birth or coalescence of stellar mass compact objects like neutron stars and black holes. For cosmological sources with frequencies around 1 Hz or less, however, only future space detectors like LISA can approach the frequency band and necessary sensitivity. A number of talks were also dedicated to new terrestrial and space missions and their present status: LIGO, EXPLORER, Gravity Probe B, TAMA300.
Cosmology
Cosmology had a notable place among the plenary talks. Paolo De Bernardis (La Sapienza Univ., Rome) gave a concise review of Cosmic Microwave Background (CMB) anisotropy measurements, particularly with the BOOMERANG balloon-based instrument. The exciting new result was the map of the CMB polarization from the last flight. To see the power spectrum of polarization we must wait a few more months. Nelson Pinto-Neto (CBPF, Brazil) reviewed cosmological bouncing models, the general condition for the cosmological equation of state to make a bounce and subtleties regarding the definition of adiabatic and entropy perturbations during the bounce. He showed that their definition is mathematically ill-defined and consequently the power spectrum after the bounce is somehow undetermined. George Djorgovski (Caltech, USA) had an interesting talk about accumulating evidence of a close relation between star formation history (especially of very massive population III stars), supermassive black holes in the early galaxies and QSOs and the reionization of intergalactic medium. Observations as widespread as the optical depth from WMAP, high-redshift GRBs, type and metallicity of distant galaxies and Large Scale Structures give a consistent picture of the universe in its infancy and its evolution to our epoch. Jaan Einasto (Tartu Obs., Estonia) compared the results of Las Campanas and SDSS galaxy surveys for the morphology, luminosity and colour of galaxies in clusters and in the field. Both surveys show a strong correlation between these properties and the environment of the galaxies. High-density regions are dominated by earlytype galaxies which are up to 10 times more luminous than the late-type galaxies found mostly in low-density regions.
Quantum space-time
A significant fraction of parallel sessions were dedicated to various issues in gravity/quantum gravity/M-theory and the possibility of observing their effects at low energies. Among the alternative gravity theories, a unified theory of space-time and particles based on SO (10) super-Poincarée algebra was proposed by Motomu Tsuda (Saitama Inst. Tech., Japan). Alexander Unzicker (LRZ Munich) suggested a nonlinear modification to Einstein's teleparallel (tetrad formalism) theory to explain particles as topological defects of gravity field theory by demonstrating that topological defects may fit the wave-particle duality picture. J G Pereira and Ruben Aldrovandi (UNESP, Brazil) also talked about a gauge theory version of the teleparallel model and demonstrated that there is an inherent violation of the weak equivalence principle in this class of models at quantum level. The theory, however, remains a consistent theory of gravity. Pereira concluded that quantum gravity requires a non-geometrical formulation i.e. a formulation independent of the equivalence principle. Pablo Sisterna (UNMP, Argentina) talked about violation of the equivalence principle in string-dilaton theories which leads to time and space dependence of some Getting to grips with gravity Rhaana Starling and Houri Ziaeepour review the 10th Marcel Grossmann meeting, one of the largest international conferences on gravity and related subjects, held this year in Rio de Janeiro, Brazil. It encompassed a wide range of hot topics in fundamental physics and astronomy and this year brought together theorists and observers.
fundamental constants in nature. The experimental limits on variation of these constants strongly constrain this class of models. On the subject of quantum gravity phenomenology N J Ng (Univ. North Carolina) gave an interesting review talk. The physics at Planck scale can subtly modify laws such as the dispersion equation for photons and phase coherence at low energies. Observation of these slight modifications can open a window to inaccessible Planck-scale physics. G Amelino-Camelia (INFI, Italy) added some complementary suggestions for searching quantum gravity lowenergy effects in the form of additional parity violation, deformation of Lorentz group, and modification of the threshold energy in particle physics processes. L F Urrutia (UNAM, Mexico) discussed experimental bounds on some quantum gravity candidate models from low-energy data. New formulations of Einstein gravity were proposed for quantizing the theory by E Anderson (QMUL), S Mercuri (ICRA, Italy), M Reisenberger (Univ. Republica, Uruguay). They are essentially based on 3+1 formulation of the theory. Loop quantum theory and related topics had their place in a number of parallel sessions. R Oeckl (CPT, France) talked about a renormalization method for spin foam models inspired from scale transformation in statistical physics and lattice quantum field theories. G AmelinoCamelia (INFI Italy) discussed the relation between a phenomenological relativistic theory with two observer-independent constants, the speed of light and a minimum length scale, and models with discrete length scales like loop gravity and non-commutative geometries. S Speziale (La Sapienza Univ. Rome) demonstrated that in loop gravity the Lorentz group remains an unbroken symmetry and the observer-independent fundamental length modifies the wave function and thereby the probability of length measurement output.
The dark side of cosmology
Given that 95% of the energy content of the universe is unknown, made up of dark matter (DM; 25%) and dark energy (DE; 70%), it is no surprise that these subjects and cosmology as a whole made a significant contribution to the conference. R Alois (INFN, Italy) talked about the observational identification of DM, which would rely on its density and interaction cross-section. No direct detection has yet been obtained. K Olive (Univ. Minnesota) summarized the many candidates for DM, from theories such as supersymmetry or observations such as ultra-high-energy cosmic rays (WIMPZILLAs).
In a series of talks, L Verde (Univ. Pennsylvania), O Perdereau (LAL, France), R Scranton (Univ. Pittsburgh) M A Bernardi (CMU, USA) and M Demianski (TAC, Denmark) presented observations of CMB anisotropy from WMAP and Archeops and large-scale structures from the Sloan Digital Sky Survey. These data help to understand better the contribution of DM and DE, their initial spectra, and equations of state, all crucial for the identification of DE. R Jiminez (Univ. Pennsylvania) proposed a way of extracting the equation of state of DE from SDSS elliptical galaxy data. G Bertone (IAP, France) decribed the role that cosmic-ray detectors such as Auger and high-energy γ-ray and neutrino observatories such as GLAST and ANTARES can play in distinguishing between particle candidates. In contrast to this optimism, I Maor (Univ. Cambridge) took a sceptical view of observations in determining the parameters of a quintessence (DE) model.
On the theoretical side, F Vernazzi (IAP, France) discussed a model of tachionic inflation motivated by string theory. Several talks (by A Kamenshchik [Landau Inst., Russia] S Goncalves and R de Sà Ribeiro [UFES, Brazil] ) were dedicated to Chaplygin gas cosmology, based on exotic matter with a negative pressure inversely proportional to density, first studied by S A Chaplygin during 1940s. The observation of dark energy and its negative pressure has renewed interest in this type of matter as a possible DE candidate. But the observational evidence for this model, discussed by P Souza (UFES, Brazil) and M Makler (CBPF, Brazil) seems contradictory. A number of other models for solving the problem of very small DE and the coincidence problem were also discussed. A Vilenkin (Tufts Univ. USA) suggested an anthropic solution based on DE density as a random variable and the probability that our universe has the observed value. W Zimdahl (Univ. Konstanz) proposed a cosmological quintessence model containing DM and a dissipative fluid interacting with DM, acting as the DE.
High energy astrophysics
Among the "hot topics" of the conference were undoubtedly γ-ray bursts. Elena Pian (INAF, Trieste Univ., Italy) gave an interesting plenary talk on the connection between GRBs and supernovae, outlining the compelling evidence for the two cases of GRB980425 and GRB030329. These bursts played a role in several other talks, including a comparison of the data to the Early Massive Black Hole Model (EMBH) by Remo Ruffini (ICRA, Univ. Roma) and collaborators. Brand new XMMNewton data received during the conference was added to this presentation. GRB theory was given two afternoon sessions where the inner engine and supranova and collapsar models were discussed. Later in the week James Reeves (GSFC, USA) showed XMM observations of GRB afterglows where outflowing soft X-ray line-emitting material has been found. Black holes both in active galactic nuclei and closer to home are also excellent laboratories for the study of relativistic astrophysics. Four lively sessions devoted to astrophysical theory gave the chance to cover this topic thoroughly. Fulvio Melia (Arizona Univ.) showed a movie of the latest predictions for stars orbiting our own black hole in the Galactic Centre. The evidence for black hole event horizons was clearly stated by Janusz Ziolkowski (Copernicus Astronomical Centre, Poland) and Lev Titarchuk (Naval Research Laboratory, USA) presented a new method for determining black hole masses. Debate was sparked on the jet physics of the microquasar SS433 and the suggestion that 3-D MHD simulations of black hole accretion disks have not told us anything new in recent years! A plethora of interesting results from the current large X-ray observatories, XMMNewton and Chandra, were featured in two purely observational sessions. Norbert Schulz (MIT, USA) gave an overview of four years of exciting Chandra results. XMM observations showing variability in the phase shift between hard and soft X-rays in the binary Her X-1, never before observed, were shown by Silvia Zane (MSSL/UCL, UK). Evidence for spinning black holes was presented by Chris Reynolds (Maryland, USA) and Jörn Wilms (IAA Tübingen, Germany) through analysis of the broad iron Kα emission line in AGN; iron fluorescence is proving a useful tool with which to probe the material around black holes. Soft X-ray Excess AGN were also discussed. Warm absorbers (photoionized gas observed in absorption in many AGN) were nicely reviewed by Ian George (JCA/UMBC/ GSFC, USA) while Franz Bauer (Cambridge, UK) described the current understanding of the faint X-ray source population in the Chandra Deep Fields. Future missions in the NASA Beyond Einstein programme were outlined by Nicholas White (GSFC, USA) in one of the closing talks.
The 10th Marcel Grossmann Meeting gave theoreticians the opportunity to face up to observations and challenged observers to get to grips with theoretical models. By the end of the week observers could be seen calculating the nonlinearity of the waves on Copacabana Beach while the theoreticians were measuring the gravitational force exerted by the Sugar Loaf Mountain. We hope that this dialogue between observational and theoretical participants which began in Rio will continue into the future, enabling us all to do better science. G 
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